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SUMMARY 
A 56 bladed rotor was studied using the newly developed and installed 
optical data acquisition system. The optical system was built so that experi-
mental vibration data from multi-bladed rotors could be obtained. The optical 
system was shown to provide unique experimental capabilities unattainable with 
conventional strain gauge systems. In this study resonant frequencies, mode 
shapes, and vibration amplitudes are determined by the optical system. 
By using sinusoidal excitation it was possible to investigate mistuned 
mode shapes. These arise in the rotor because of both frequency and damping 
m1stun1ng. The m1stuned mode shape for the zero nodal diameter, first bending 
mode was determined. 
An air jet excitation which produces engine order excitation impulses by 
striking each blade as it passes in front of the air jet was found to be use-
ful for exciting higher nodal diameter modes. The fourth and fifth nodal 
diameter modes were successfully detected by the optical system. 
Random noise was used for locating the rotor resonant frequencies for the 
zero nodal diameter modes. The first bending resonant frequencies were iden-
tified by the optical system. A comparison among the resonant frequencies 
determined by the optical system, strain gauge measurements, and those computed 
by NASTRAN was made and found to be in fairly good agreement. 
INTRODUCTION 
An important consideration in the design of modern turbomachinery is the 
dynamic response of the multi-bladed disks such as compressor stages. The 
dynamic response of the compressor stage is important because it is subjected 
continuously to dynamic forces. Requirements for increased efficiency has led 
to lighter, more flexible compressor stages operating under more severe condi-
tions. This has resulted in a growing need to reliably predict dynamic events 
such as flutter and forced response. Before these events can be predicted an 
accurate characterization of the dynamic properties of the bladed-disk is 
required. Unfortunately, currently available computer codes and analytical 
techniques are incapable of predicting dynamic properties of modern compressor 
stages with sufficient precision. Although considerable research has been 
conducted in an attempt to discover the deficiencies in existing analytical 
techniques, additional work is required. 
The lewis Research Center Spin Rig (ref. 1) was constructed so that exper-
imental data could be generated to help understand the dynamic characteristics 
of rotat1ng turbomach1nery components. The sp1n r1g was des1gned so that 
v1brat10n data could be obta1ned on a var1ety of bladed-d1sk assemb11es. Thus 
far a s1mp11f1ed two bladed rotor w1th var1able blade sett1ng angle and sweep 
adjustment, and a 56-bladed compressor stage have been stud1ed. Results from 
these 1nvest1gat10ns are 1n reference 1. 
A cutaway v1ew of the Lew1s sp1n r1g along w1th a mult1-bladed rotor 1s 
shown 1n f1gure 1. The test rotor 1s spun 1n an evacuated chamber us1ng the 
a1r dr1ve motor shown on top of the r1g. The r1g can ach1eve speeds up to 
16 000 rpm. Dynam1c exc1tat1on 1s prov1ded by us1ng e1ther a pa1r of e1ectro-
magnet1c shakers or an a1r jet wh1ch produces a once-per-rev 1mpulse force near 
the rotor blade t1p. The s11ght 1mperfect10n of the rotor-shaft also generates 
a natural wh1r11ng exc1tat10n. A more deta1led descr1pt10n of the physical 
character1st1cs of the rig and its capabi11t1es is provided in reference 1. 
strain gauges are used as the primary instrumentation for monitoring the 
vibrat10n response of the test rotor blades. Output from the 1ndividual gauges 
can be v1ewed on oscilloscopes or fed through a spectrum analyzer so that the 
frequency content of the signal can be measured. The output can also be stored 
on magnetic tape for processing at a later time. 
There are several limitat10ns of using a strain gauge measurement system 
1n the sp1n rig. When a multi-bladed rotor is studied 1n the rig it is imprac-
tical to adequately 1nstrument every blade. This is because the strain gauge 
s1gna1 must be transm1tted through a slip ring assembly that mates the rotor 
to the stationary rig. The slip ring currently installed in the rig can only 
accommodate 50 strain gauges. S1nce it is usually des1rable to have at least 
three gauges on any given blade, only a fract10n of the rotor blades can be 
fully 1nstrumented. The large number of blades left un1nstrumented leaves the 
response of most of the rotor unknown. Another l1m1tation of strain gauges is 
that it is diff1cult to relate strain measurements to blade def1ect10ns. Con-
sequently, amplitudes of v1brat10n, and steady state deflect10ns from centr1-
fugal forces, are d1fficu1t to obtain. In add1tion to the above limitations, 
the we1ght of the strain gauge and wire on the blade will alter the blades 
mass d1str1but10n wh1ch can s11ghtly affect its dynam1c propert1es. Also, 
damage to the stra1n gauge and loss of stra1n gauge signals is very common 1n 
a rotat1ng environment. 
A new concept 1n 1nstrumentat10n was developed by eng1neers at NASA Lew1s 
to overcome the problems associated with a strain gauge measurement system 
(refs. 2 to 4). This new concept uses optical transducers located around the 
perimeter of the spin rig case to measure blade tip deflections. Each optical 
transducer (or "probe") 1s individually controlled by a microprocessor which 
d1g1tally records blade deflect10n data. Th1s new concept allows the t1p 
v1brat10n of every blade on the rotor to be monitored. After a data collec-
tion run the v1brat10n data can be eas1ly transformed 1nto a frequency doma1n 
representat10n where the v1brat1ng frequenc1es and mode shapes of the blade 
and rotor can be determined. 
The purpose of the present study 1s to evaluate the performance of the 
newly installed opt1cal data acquis1t10n system and to 1nvest1gate the dynamic 
characterist1cs of a 56-bladed rotor. Several v1brat10n properties were 
studied. The optical system was f1rst used to 1dent1fy resonant frequencies 
and blade mode shapes at various operating conditions and using different 
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excitation schemes. Nodal diameters were also identified from the dynamically 
excited rotor. The resulting frequencies and mode shapes were then compared 
to results obtained from strain gauge measurements and finite element analysis. 
Amplitudes of vibration were also examined. Finally, frequency mistuning be-
tween blades was investigated. Because it is impossible to manufacture iden-
tical blades there will always be structural differences among blades on the 
rotor. The optical system was used to measure the extent of the effect these 
manufacturing differences have on the rotors response to dynamic excitation. 
OPTICAL DATA AQUISITION SYSTEM 
The optical data acquisition system is made up of three interconnected 
systems. These systems are the set of optical probes which sense blade pas-
sage, the microcomputer array which receives data from the probes, and an 
executive control comput~r. The optical probes monitor the passage of the 
vibrating rotor blades by reflecting light beams off the tips of the blades as 
they pass in front of the probe. Each probe contains an optical transmitter 
and receiver. The transmitter emits a light beam radially inward towards the 
center of the rotor. When a blade tip passes in front of the light beam the 
beam is reflected back to the probe where the receiver detects a reflected 
signal (fig. 2). 
The microcomputer array is used to record the "time" that the reflected 
signal is detected by the probe. A dedicated microcomputer is required for 
every probe to keep up with the rapid occurrence of the reflected signals. 
Each microcomputer has a 4K memory space for storing reflected signals. The 
microcomputer array also contains a high speed clock which provides a constant 
number of clock pulses in each revolution of the rotor. A counter is reset to 
zero at the start of a new revolution. By using the number of counts per rev-
olution and the circumferential distance of the rotor a conversion factor can 
be computed that will convert the blade passage time to blade deflection. 
The data stored in the microcomputer rack is transmitted to a Hewlett 
Packard HP 1000 computer at the conclusion of a data collection run. At this 
point the data is sorted and used to construct a complete vibration record for 
each blade on the rotor. The HP 1000 is also used for transforming the data 
into the frequency domain (i.e., Fourier transforms and power spectrums). It 
also can display 1nterblade phase diagrams and any of the spectral analyses on 
a graphics terminal. 
The optical system uses an array of 16 optical ports equally spaced 
around the perimeter of the spin rig case (fig. 3). Each of the 16 ports 
contain three probes allowing for a total of 48 probes in the system. The top 
probe in the port is used to monitor the position of the leading edge of the 
tip, the middle probe the tip midchord, and the bottom probe the blade tip 
trailing edge. This arrangement can distinguish bending and torsional vibra-
tion modes. An example of the modes that the probes can distinguish are shown 
in figure 4. The 16 groups of probes provide enough resolution to analyze 
most of the modes that are of practical interest. 
The performance of the optical system is dependent on the number of blades 
on the rotor, the rotor speed, and the number of data points that the optical 
system can store. Since there are 48 microcomputers and each microcomputer 
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has 4K of memory a total of 196 608 data polnts can be stored for a slngle 
data collectlon run. Slnce there are 56 blades on the test rotor, a maxlmum 
of 3510 data polnts can be stored for each blade or 1170 data po1nts for each 
of the leadlng edge, mldchord, and tral1lng edge probe locations. More data 
polnts per blade can be stored lf there are fewer blades on the rotor. 
The rotor rotational speed determines the rate at which data polnts are 
taken. The faster the rotor ls splnnlng the qulcker each blade passes from 
port to port where data polnts are taken. For example, when the rotor is spln-
ning at 15 000 rpm lt wl11 take 0.25 msec for a blade to pass from one port to 
the next. This results ln a sampling rate of 4000 data polnts/blade/sec. At 
this rate the optical system can detect unaliased frequencies up to 2000 Hz 
(ref. 5). At slower rotor speeds the maximum detectable frequency wl11 
decrease. At 15 000 rpm lt would take about 1 sec to fl11 all the aval1able 
memory and complete the data collectlon run. 
The deflection resolutlon obtalnable by the optical system ls determined 
by the number of pulses/revolutlon generated by the system clock and the clr-
cumference of the test rotor. For a rotor with a 62.83 in circumference (test 
rotor) and a maximum clock rate of 72 192 counts/revolution the smallest dis-
cernable blade tip deflectlon is one count or 0.00087 In. This is the hlghest 
deflectlon resolutlon obtalnable by the optlcal system in lts current 
conflguration. 
TEST ROTOR DESCRIPTION 
A photograph of the test rotor (a compressor stage) used for thls study 
ls shown ln figure 5. Thls rotor was orlglnally designed for an aerodynamic 
performance study (ref. 6) and was later used for an evaluatlon of the Lewis 
Research Center Spin Rig (ref. 1). The rotor ls typical of an axlal-flow 
transonic compressor stage except for the disk which is considerably thicker 
than normal. The test rotor is 20 in in diameter and has 56 blades. The 
blades are structurally coupled by the hub and by a shroud located at approxi-
mately blade midspan. At low rotational speeds, adjacent shrouds are free to 
slide against one another. This tends to create a considerable amount of 
friction damping. The damping is eliminated at higher rotor speeds (above 
8000 rpm) where the shrouds lock up. 
SINUSOIDAL SHAKER EXCITA1ION 
Initial tests using the optical system were performed using the electro-
magnetic shakers and sinusoidal motion. The shakers excite the rotor by 
enforcing an axial motion in the rotor shaft. A wave generator was used to 
sinusoidally drive the shakers at 525 Hz while the test rotor was spinning at 
8700 rpm. The sampling parameters used were 1024 data points/blade and a max-
imum detectable unaliased frequency of 1160 Hz. The resulting vibration sig-
nal obtained by the optical system for the leading, mldchord and trailing edge 
of blade 1 on the rotor is shown in figure 6. Although 1024 data pOints were 
collected from the vibration signal only the first 128 are shown in the figure. 
For this rotational speed 128 data polnts corresponds to 1 msec. Slxteen data 
points corresponds to one revolution since there are 16 ports around the rotor 
perlmeter. The figure indicates that the blade response is approximately 
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sinusoidal with an amplitude of vibration of approximately 3 mils. It 1s 
evident that the vibration signals at the three probe positions are in phase 
ind1cating a blade bending mode. 
The auto spectrum of the vibration signals are shown in figure 7. As 
expected the signal has a strong frequency content corresponding to the exci-
tation frequency of 525 Hz. The vibration signals for the rest of the blades 
are similar to blade 1. This exercise verified that the optical system and 
its post processing software was operating properly. 
Driving the shakers with sinusoidal input is not a conven1ent approach 
for locating the rotor resonant frequencies with the optical system. The only 
way this type of excitation can be used to identify resonances is to excite 
the rotor at many different frequencies, collect data at each individual fre-
quency with the optical system, and then identify the resonances by picking 
out the frequency with the maximum response. The data from each individual 
run provides the magnitude of the response at the excitation frequency but 
does not provide enough information to determine whether the excitation fre-
quency is a resonant frequency. This approach for locating resonances is both 
inefficient and time consuming. A more efficient approach using random exci-
tation to identify resonances is discussed later. 
AIR JET EXCITATION 
The air jet induces dynamic exc1tation by striking the face of each blade 
near the tip as it passes past a small tube inside the rig that emits a steady 
flow of air. The magnitude of the impulse on the blade can be regulated by 
varying the air pressure in the tube. The rate at which each blade receives 
impulses is related to the rotor speed. The rotor speed frequency and its 
integer multiples (engine orders), appear as dom1nant excitation frequencies. 
An example of an air jet induced vibration signal detected by the optical 
system and its corresponding auto spectrum are shown 1n figure B. In reality 
the blade deflection data oscillates about zero, but it appears slight fluctu-
ations in rotor speed cause the optical system to shift from the zero refer-
ence. This explains why the deflections computed by the optical system drift 
away from the correct abscissa. This effect does not appear to h1nder inter-
pretation of the results. 
As expected, the dom1nant frequency components of the vibration response 
signal shown in the auto spectrum plot appear at the engine order frequen-
cies. This is expected since the frequency of the air impulse excitation is 
also at the engine order frequencies. The power for the fourth engine order 
(733 Hz) exceeds the power for the rest of the eng1ne order responses. It was 
thought that this was due to the fact that the fourth engine order was close 
to a rotor resonant frequency. An effort to pin p01nt the exact crossing of 
the fourth engine order with rotor resonant frequency was unsuccessful. 
The air jet excitation provides a convenient means for exc1ting rotor 
modes other than the zero nodal diameter (umbrella) mode. lhe umbrella mode 
which 1s characterized by all blades vibrat1ng in phase can not be excited by 
the air jet because the air jet strikes each blade at a different time. This 
produces nodes which are f1xed in space but wh1ch can be v1ewed as backward 
traveling waves in the bladed disk. Some of these nodal diameter backward 
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travel1ng waves, wh1ch are character1zed by an 1nterblade phase angle of 
(360 by N)/56 blades (N 1s the number of nodal d1ameters), were exc1ted by 
the a1r jet. 
Nodal d1ameter modes are usually grouped 1nto fam1l1es (e.g., f1rst bend-
1ng, second tors1on). The commona11ty between modes 1n the fam1ly 1s that the 
1nd1v1dual blades v1brate w1th much the same mode shape. The d1fference 
between nodal d1ameter modes 1n the family is that they have a different num-
ber of nodal diameters. The frequencies of the modes in the family will be 
sl1ghtly d1fferent but are usually packed 1nto a relat1vely small frequency 
band. The calculated frequency distribution for the first bending family of 
modes for the test rotor is shown in figure 11. 
Each nodal d1ameter mode can only be excited by the frequency component 
in the air jet impulse that corresponds to that nodal d1ameter number. for 
example, the fourth nodal diameter mode can be excited by the fourth engine 
order frequency. Engine orders other than the fourth are not capable of 
exciting this mode. This is because the general1zed force for any nodal dia-
meter computed at any engine order is zero unless the mode number 1s equal to 
the engine order number. 
The 1nterblade phase angle between each blade for the fourth and fifth 
nodal d1ameter modes are shown in figure 9. Both the theoretical and experi-
mentally obta1ned interblade phase angles are shown in the figure. The exper-
imental phase angles were determined by computing the cross spectrum between 
blade 1 and each of the other blade vibrat10n s1gnals and then plott1ng the 
phase angles at the des1red frequenc1es. for th1s f1gure the fourth and f1fth 
engine order at 600 and 750 Hz were chosen. 
RANDOM EXCITATION 
In addit10n to driv1ng the electromagnet1c shakers w1th sinusoidal 1nput 
the shakers were dr1ven w1th random noise. The random n01se generator was used 
1n conjunction with a bandpass f11ter for eliminating excitat10n frequencies 
outside the range of 1nterest. It was advantageous to 11m1t the random exc1ta-
tion to a band of 2000 Hz or less so that the shakers would have adequate 
energy 1n the des1red frequency range. When a w1de band excitat10n was 
attempted the energy level was too small to suff1c1ently exc1te the rotor. 
The random noise excitat10n was very useful for locating the rotor reso-
nant frequencies. Since the random noise input s1gnal contains an evenly 
d1str1buted energy level throughout the frequency band, any rotor resonant 
frequency lying 1n the band will be excited. The dynamic characteristics of 
the rotor w11l f1lter out off resonant responses so that the resonant responses 
will dom1nate the blade v1brat10n s1gnal. The auto spectrum of the v1brat1on 
signal w1ll have peaks at the ~esonant frequenc1es. In pract1ce, it was neces-
sary to make only one or two data collection runs to locate the resonant fre-
quencies at a s1ngle rotor speed. for the 1nit1al run a relatively wide band 
random signal is used to determ1ne the general frequency range where the reso-
nances are located. The frequency band is then narrowed and a subsequent run 
1s made so that the resonances can be computed more accurately. Th1s proce-
dure can be repeated at several operat1ng speeds. 
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F1gure 10 shows the results from a data collect10n run where narrow band 
random n01se was used to exc1te the rotor. For th1s run the energy 1n the 
excitation was evenly distributed in the frequency band of 500 to 600 Hz. A 
rotor resonant frequency was found at 550 Hz by comput1ng the auto-power spec-
trum for the v1brat10n s1gnal. The result1ng power spectrum is shown in the 
f1gure. The resonant frequency at 550 Hz along w1th two more computed at 7000 
and 13 000 rpm are plotted 1n f1gure 11. F1gure 11 also shows the 10cat10n of 
the resonant frequenc1es detected by strain gauge measurements and those com-
puted by the f1n1te element computer program NASTRAN. The NASTRAN analys1s 1s 
discussed in reference 1. The f1n1te element model used for the analysis is 
shown in figure 12. 
All of the nodal diameter modes computed by NASTRAN for the f1rst bending 
family are shown in the figure. There are 2B nodal diameters possible s1nce 
there are 56 blades on the rotor. Higher frequency modes other than the first 
bending family were computed by NASTRAN but are not shown in the figure. The 
other modes are at higher frequencies. 
The stra1n gauge data and the opt1cal system data correlate very well for 
the f1rst bending, zero nodal d1ameter mode. Both sets of experimental values 
are higher than the frequencies predicted by the f1nite element analys1s. 
This is somewhat surpr1s1ng because 1t was thought that the f1nite element 
model was on the st1ff side wh1ch would result 1n higher not lower frequen-
c1es. The model was thought to be overly st1ff because the blade base was 
fully constra1ned and the shrouds were assumed to be r1g1dly connected when 
they were actually free to slide against each other. 
An attempt to excite and locate the one nodal diameter mode with random 
noise by driving the shakers lBO° out of phase was unsuccessful. Prev10us 
attempts us1ng s1nus01dal excitation have also been less than sat1sfy1ng. It 
1s impossible to exc1te modes higher than the f1rst nodal d1ameter mode w1th 
the shakers because the exc1tat10n 1s induced by the shaft mot10n and the 
shaft can not exc1te the blades w1th the necessary phase d1fferences. The one 
nodal d1ameter mode can be exc1ted by dr1v1ng the shakers out of phase wh1ch 
exerts a moment on the shaft. The moment w1ll exc1te the one nodal d1ameter 
mode wh1le the ax1al shaft mot10n exc1tes the zero nodal d1ameter mode. Ne1-
ther of the shaft mot10ns can exc1te the h1gher nodal d1ameter modes. 
The second bend1ng fam1ly of modes wh1ch NASTRAN pred1cted to l1e between 
BOO and 2BOO Hz could not be detected by e1ther the stra1n gauges or the opt1-
cal system. The reason the stra1n gauges could not p1ck up the second mode 
frequenc1es 1s probably because the gauges are located near a p01nt of low 
stra1n for the mode shape. The reason the opt1cal system d1d not detect the 
second fam1ly of modes 1s probably because the deflections for th1s mode are 
too small. The rest of the fam1ly of modes could not be d1scovered by the 
opt1cal system because the1r frequenc1es are h1gher than the systems max1mum 
detectable frequency capab1l1ty. The blade t1p deflect10ns for these h1gher 
modes would also be to small for the system to detect. For future stud1es 1t 
would be des1rable to use a more flex1ble rotor wh1ch would have lower reso-
nant frequenc1es and larger d1splacements. 
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ROTOR MODE SHAPES 
The mode shapes for the test rotor can be found by determining all the 
blade deflections and 1nterblade phase angles at a resonant condition. The 
deflection of each blade is dependent on the damping in the blade and the ratio 
between the blade alone resonant frequency and the frequency of the ent1re 
bladed assembly (ref. 7). Because manufactur1ng procedures produce un1dent1cal 
blades and because the shroud contact and root connection vary among blades, 
each blade will have a different resonant frequency and level of damping. A 
rotor such as the test rotor, composed of blades with variable structural 
properties and resonant frequencies is known as a "m1stuned" rotor. Blades 
that have blade alone resonant frequencies similar to the resonant frequency 
of the assembled bladed disk will exhibit large forced responses when the 
excitation frequency is at the resonant frequency, while blades with blade 
alone frequencies far from the rotor resonances will have weak responses. A 
rotor such as rotor-12 composed of blades with variable structural properties 
and resonant frequencies is known as a "m1stuned" rotor. 
The zero nodal diameter mode in the first bend1ng family of modes is shown 
in figure 13. This mode shape was produced by exciting the rotor at 551 Hz. 
There were no phase d1fferences between any of the blade v1brat10n s1gnals 
which verified that the rotor was v1brat1ng in a zero nodal d1ameter mode. For 
an ideal rotor the amplitudes would all be equal. As expected the blade ampli-
tudes are not uniform, but are irregular. The irregularity is attr1buted, at 
least partially, to frequency m1stun1ng. Besides the frequency m1stun1ng 
effects, the large variation in blade amplitudes could be caused by a differ-
ence in the amount of damping in each blade. The var1at10n in damp1ng can have 
as much or more effect on the blades response than frequency m1stun1ng. 
AMPLITUDES OF VIBRATION 
A comparison between measured blade t1p vibration amp11tudes for the th1rd 
and eleventh blade are shown 1n table I. Th1s comparison was made to evaluate 
the accuracy of the displacements computed by the optical system. In this 
table optical system d1splacements are compared to d1splacements der1ved from 
stra1n gauge measurements. The optical system d1splacements and strain gauge 
measurements were recorded while the blade was vibrating in its first bend1ng 
mode at 530 Hz and 9100 rpm. 
Stain gauge data was converted to t1p d1splacement us1ng two approaches. 
In the f1rst approach, a stat1c, nonrotat1ng, exper1menta1 ca11brat10n was 
made that determ1ned the convers1on between the strain in the blade m1dspan 
gauge and the blade t1p displacement. The convers1on factor was found by 
approximating the first bending mode shape by manually deflect1ng the blade 
t1p, measuring the t1p deflect10n w1th a m1crometer, and record1ng the strain 
in the m1dspan gauge. The resulting relat1onsh1p between stra1n and t1p 
deflect10n was then used to convert the m1dspan stra1n gauge reading for the 
v1brat1ng, rotat1ng blade to the t1p deflect10ns shown 1n the table. 
In the second approach a f1n1te element ana1ys1s was used to f1nd the 
relat10nsh1p between the blade strain and the t1p deflect1on. The correlation 
was found by f1rst performing a NASTRAN modal analys1s on the rotat1ng blade 
model. The resulting first bending mode shape was then applied to a stat1c 
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blade model as an enforced d1splacement and a subsequent NASTRAN stress analy-
s1s was performed. The relat1onsh1p between stra1n and t1p d1splacement was 
found from th1s analys1s by correlat1ng the result1ng sta1n w1th the magnitude 
of the mode shape at the blade t1p. The relat10nsh1p was then used to convert 
the stra1n data for the rotat1ng, v1brat1ng blade 1nto t1p deflect10ns. Con-
s1der1ng the 1naccurac1es 1n der1v1ng the ca11brat1on factors and the small 
vibration amplitudes be1ng examined, the match up between the opt1cal system 
deflect10ns and the stra1n gauge measurements are fa1rly good. The correla-
t10n between the opt1cal system data and the exper1mentally der1ved deflection 
1s espec1ally good. The main reason for the d1fference between the opt1cal 
system deflect10ns and the NASTRAN computed deflect10ns 1s the mesh coarseness. 
Although this mesh 1s adequate for frequency analys1s 1t 1s 1nadequate for 
determ1n1ng stresses and strains. 
OPTICAL SYSTEM EVALUATION 
There are several advantages that the opt1cal system has over a stra1n 
gauge measurement system. For one, the opt1cal system can mon1tor the response 
of three pos1t1ons of every blade on a mult1-bladed rotor wh11e the stra1n 
gauge system 1s 11m1ted by the s11p ring capacity to a total of 50 gauges. 
Another advantage 1s that the opt1cal system measures v1brat1on amp11tudes 
d1rectly un11ke stra1n gauges, wh1ch measure stra1n that can not be related to 
amp11tude w1thout some type of calibrat10n and knowledge of the mode shape. 
The opt1cal system 1s also advantageous because data is taken 1n d1g1tal form 
wh1ch fac111tates analyz1ng the v1brat1on s1gnal on a d1g1tal computer w1th 
read11y ava11able s1gnal process1ng software. 
There are also d1sadvantages assoc1ated w1th the opt1cal system. F1rst, 
the system 1s relat1vely complex mak1ng 1t comparat1vely unre11ab1e and d1ff1-
cult to repa1r and use. Second, the max1mum una11ased v1brat1on frequency that 
the system can detect 1s 11m1ted by the rotor speed. At 15 000 rpm the max'mum 
detectable una11ased frequency 1s only 2000 Hz. Frequenc1es approaching 10 kHz 
have been detected w1th the sp1n r1g stra1n gauge system. F1na11y, the opt1cal 
system cannot be eas11y adapted to rotors w1th geometr1es d1ss1m11ar to the 
test rotor. A new probe mounting case and some modifications to the optical 
system software would be requ1red for study1ng other test rotors. 
CONCLUDING REMARKS 
A complete study was conducted us1ng the opt1cal data acqu1s1t1on system 
to determ1ne the v1brat1on properties of a test rotor. Resonant frequencies, 
mode shapes, and vibrat10n amp11tudes were determined for this rotor. From 
th1s study 1t was determ1ned that the optical system 1s a useful and accurate 
measurement system for study1ng multi-bladed rotor v1brat1ons. It was also 
found that even though the optical system 1s a valuable v1bration measurement 
system, 1t does have 11m1tat10ns. Because of these 11m1tat1ons 1t 1s desir-
able to cont1nue to use stra1n gauges as a supplemental data acqu1s1t1on sys-
tem. The use of both systems jo1ntly w111 prov1de a un1que exper1menta1 
capability for rotor vibration analysis. 
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TABLE I. - COMPARISON OF BLADE TIP VIBRATION 
AMPLITUDES 
[530 Hz, 9100 rpm.] 
Blade Optical system Exper1menta1 a 
3 2.5 mll s 
11 2.2 
15 2.5 
aF.E./gauge calibration. 
bDef1/gauge calibration. 
5 mils 
4.5 
6 
10 
Exper1menta1 b 
2.8 mll s 
1.7 
2.7 
Air motor drive 
Electric magnetic shaker 
Excitation yoke 
Figure 1. - Cutaway drawing of the spin rig. 
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Figure 2. - Data aqu isition system. 
Figure 3. - Optical data aquistion system. 
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Figure 4. - Blade IMtions observed with 3 probes looking 
at the blade tip (radially inward). 
Figure 5. - 56 blade rotor. 
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Figure 6. - Blade 1 leading. midehord and trailing edge 
vibration signals at 8700 rpm (sinusoidal excitation). 
128 
2.0 
1.6 
1.2 
.8 
.4 
0 
(a) Auto spectrum; blade 1, row A. 
4.0 
u 
Q) 
VI 3.2 I N 
.5 
E 2.4 
::l 
.... 
..... 1.6 u Q) 
Co 
VI 
0 
.8 ..... 
:::J 
« 
0 
5 
(b) Auto spectru m ~ blade 1, row B. 
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(c) Auto spectru m ~ blade 1, row C. 
Figure 7. - Blade 1 auto spectrum (sinusoidal excitation). 
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(b) Auto spectrum; blade 1, row C. 
Figure 8. Blade response from a Ir Jet excitatIOn at 11 000 rpm, 
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(a) Fourth nodal diameter mode~ frequency, 600 Hz. 
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(b) Fifth nodal diameter mode~ frequency, 750 Hz. 
Figure 9. - Rotor interblade phase diagram for fourth and fifth 
nodal diameter mode at 9000 rpm (150 Hz). 
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Figure 10. - Narrow band random excitation (500-600 Hz) at 
9800 rpm, blade 11. 
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Figure 11. - Rotor Campbell diagram for first bending family of 
modes. 
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